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AX INVESTICATIOB OF THE AERODYNAMIC CHARACZQIISTICS OF AN 0.08SCAIX 

TED NO. NACA DE308 

By RTchard. E. K u h n  and Boyd C . Myers, I1 

Tests have been conducted i n  the Langley high-apeed 7- by 10-foot 
tunnel over a Mach number range from 0.40 t o  0.91 to  determine the 
s t e b i l l t y  and control  characteristics of an 0 .Okca le  node1 of the 
Chence  Vought XF'IIJ"1 airplane. The ,wingdone t e s t s  and the effect  of 
the various verticel-fin  modifications, eped-sbrake mdi f i ca t fxE ,  and 
fuselage  mdifications on the aerodynamic characteristics i n  pitch and 
yaw are  presented in the prenent  paper w5th a l i d t e d  -lysis of the 
results. Also included &re tuft studies of the flow f o r  80m of the, - mdiflcatione  tested.  

INTRODUCTION 

A t  the request  of  the Bureau of .Aeronautics, N a v y  Depar-nt, an 
investigation of the s t ab i l i t y  and contzol characteristics of 811 
O.O%ecale mdel of the. Chance V o W t  XFT-1 airplene w a s  conducted i n  
the Langley him-epeed 7- by IO-foot tunnel. . 

This paper presen1;s the resul ts  of wingelone  teste =Ad the effect  
of  the  various'mdiffcations ta the vertisel fins, speed brakes, and 
fuselage on the  aerodpamic  charadteristics  of the =del  in pitch and yaw. a 
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The results  include l i f t ,  drag, and pitching-nusnt deta over an angle- 
of-attack range for  the  mious  configurations at 0' and 4.4O control 

data over a yaw range of 24' for the  various  configuration8 at  s t a t i c  
amles of attack of Oo and 60. The resul ts  are presented for  a range , 

of Yfch nunbers varyfng f r o m  0.40 to  0 .gl. Tuft studies of the f l o w  
for  some configuratiom- eze also presented. 

L deflectlon and include yawing+Imn.ent, side  force, and rolling-mnt 

This paper is  iesued  with the purpose of presenting the data 
available a t  present Worn high-speed tests of the 0.08-scale mdel  of 

' tlp XE''7I.J-1 airplane. Accordingly, no detd lbd   andfe is  of thq data has 
been made.  The basic  longitudinal and Lateral   stabil i ty  characterist ics 
are presented i n  references 1 and 2, respectively. The longitudinal 
control  characteristics are presented i n  reference 3 and the aileron 
characteristics q e  presented in reference 4. 

COEFFIClENTs AND SYMBOLS 

c  he syst;m of  axes wed for the preeeitation of the data, together 
w i t h  an.indication of the positive  forcee, mments: and angles, i s  
presented i n  figure 1. Pertinent symbols are defined as follows: 

?- 

CL 

CD 

lift coef f i cient ?+) : 

drag  coefficient (%) 
%l 

pitching+rommt coefficient measured about the 17 percent 

M.G.C. position 

CY lateral-force  coefficient 

yawing+mmnt coefficient (3 
C l  rolling-momsn't coefficient 

. Y  lateral   force measured along Y - a x i s  

t L rol l ing lnoment about X-axis 

x .  yawing m m n t  about Z-axis 
8 - 
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free-stream dynamic pressure,  pounds per square foot . 2 ,, 

w i n g  area ( 3.174 BQ f t on model) 

wing +an geomstric chord (M.G.C.)(1.046 f t  on nrodel) 

chord, parallel to 'plage of eyrmrrstry 

chord, perpendicular to 0 . 2 5 ~  line-: 

wing span ( 3.093. ft on mdel )  
1 

air velocity,   feet per second 

speed of sound, feet per second 

Mach  number ( z )  

absolute  viscosity, pound4econds per square foot 

mass density of aiP, slugs per cubic foot 

angle of attack, nrsasured from X - a x i s  to  the fuselage center 
line, degree s 

angle of yaw, degrees 

a angle of  attack under nbload  conditions, degrees s tat ic  

8 control-eurface  deflection w i t h  reference to wing chord l ine  
parallel  to  plane of symrmstry, degrees ( c )  

t 
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Subscripts : 

8 E  l e f t  ailavator 

*r 
§ speed brakes 

right  ai lavator 
\ 

M Mach  number 

Model 

The 0.08-scale s t e e l  model of the XFp-1 airplane wed i n  t h i s  
investigation Wba constructed by the Chance  Vought Division of the 
U n i t e d  Aircraft  Corporation.  Pertinent dimensions of the model are 
presented in   f igure 2. The control  surfaces  (ailavatore) -re constant- 
chord, true-contour  flaps  with  sealed gaps. 

Teats 

The various  configurations were t e s t e d  through the Mach n-er 
range a t  various angles of  st tack and yaw with Oo and -4.4O ailavator 
deflection. The model w&s tested on a sting support as shown i n  
figure 3. In order t o  evaluate  the texes, the mde l  was also tested 

"on wing-tip st ings ( f ig .  4) with and without  the  center  sting. A =re 
complete .description of the testing technique employed is given i n  
reference 1. 

't 

The variation of test Reynolds nuniber ~5th Maoh number f o r  average 
t e s t  conditione i s  presented in  f igure 5'. The size of the =de1 used 
i n  the preeent  investigation remulted i n  a corrected tunnel choking 
Mach  number of about 0.94. Experience has indicated  that  with  this 
value of choking Mach number t h e  data should be rel iable  up t o  a 
corrected Mach  number of about 0.91. 

e Corrections 

The test results have  been corrected  for  the  tare  forces and 
a moments' produced by the support system except for  a small constant 
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pitchlng+mmnt and rolling+mmnt  coefficient which appear t o  be 
inherent in the  support systsm but which were not accounted f o r   i n  the 
t a r e  determination. The origin of these mmenta hae not been determtned 
88 yet but the d a t a  i n  this paper  can be corrected by subtractfng 0.003 
from th3 pitchfng-molPant coefficien'ks  preeentsd and 0.0008 f r o m  the 
rolling-ment coefficients  presented. Similar corrections a m  appU- 
cable to  the data presented i n  references 1 t o  4. 

The jet-boundary 'corrections were computed f r o m  the following 
equations which  were determined by the msthod of reference 5. . 

where the  subscript M indicates measured value. The Jet--boundary 
correction t o  the  pitching mmnt wa8 consifired  negligible. 

L 

The drag has been corrected-'for  the buoyancy produced by the smsll 
longitudinal static-pres6u&v gradient i n  t h e  tunnel and a l l  coefficients 
anb Mach numbers were corrected  for  blocking by the d e l  and ita wake. 

Effect of Basic Compomnte 

\ 

bngitudinal  s t a b i l i t y  and control.- The aerodynamic-characteristics 
-in pitch of the wing alone,  the complete =del with the speed brakes 
open, the complete =del with the  vertical  fins remved, the complete 
d e l  w i t h  the f'ueelage canopy remved are presented. i n  figures 6 and 7. 
Inasmuch as the various  configurations were not all tested a t  identically 
the same Mach nuniber, it WFLB necessary to  crose-plot  the or ig ina l   t es t  
results a t  ,constant Mach rider to  obtain thq data of ffgures 6 and 7. 
The pit'ching-m>nrtnt coefficiehts are presented about a center of mavity 
located a t  l7 percent of the me- geomtric. chord. 
L . . . . ." . . . . . 

The effect  of the  varioue  configurations on 

in figure 8, and the i r  effe'ct on the  lift-curve slope i n  the  l o w  l i f t  
range is presented'in figure 9. The variatipn of l if t-curve slope with 

I 

n 
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Mach  number for  the complete mde1  presented in figure 9 does not  agree 
exac'tly  with that presented i n  reference 1. The lif t-curve slopes of 
reference 1 were ob+dned .from the  basic data at zero conSrol def lectlon . 
Subsequgqt l i f t  data  obtained  with  deflected  controls  (reference 3) ha8 
led t o  a more judicious fairing of the  original l i f t  data for  zero 
coni;rol  deflectlon and the  lift-curve slope$ obtained from the  refaired 
data  are  presented  in f'igure 9.  

The effectiveness of the ai lmators   in  producing changes in  
pftching-moment coefficient and l i f t  coefficient at zero angle of attack 
is presented i n  figures 10 and ll, respectively. !The effectiveness - 

parameters (2) and (g) axe based on data 
00 t o  &.bo 00 to 4 . 4 0  

obtained at ailavator  deflections of 00 and 4 . 4 O  only. 

Tuft  studies of  the flow over  the wing of the complete model fo r  
several  angles of attack and Mach numbers are preeented i n  figure 12. 

Lateral  stability.- The variation of l a t e ra l   s t ab i l i t y  charac- 
t e r i s t i c s  wfth Mach  number = Oo and 6") for  several configu- 
rations -of the mdel are presented in  f igures 13 and 14. During the 
t e s t  rune i n  which these data were obtained, the l i f t  coefficient  varied 
as indfcated by: the curve6 in  f igure 15. W leaf-ttack change from 
the wind-off &tic  values static = Oo asd 3 was caused by the 
deflection of the  support system under aerodynamic load and € 6  indicated 
by the  values of the  actual angle of attack ~ 2 a o ~ n  i n  figure 15. The 
la teral   s tabi l i ty   der ivat lvee CnJr' CYW and C2 fo r   s t a t i c  angles 

of attack of Oo and 6 O  are  presented in  f igure 16. It wil l  be noted 
that at a s t a t i c  angle of attack of Oo, the speect brakes prodkced 8 
small arnount of negative  effective  dihedral a t  the  higher Mach numb\8ra. 

(a 

a 

Ik 

Speed-Brake Modifications 

Force tests and tuft   studies were conducted wfth the complete 
model using the four  different arrangements  of speed brakes skwn i n  

epeed brakes ( f ig .  18( a )  ) indicated bad separation of the f l o w  over the 
ver t ical  fins, particulerly the inbopl  surface,  over m e t  of the Mach 
number range. In an effor t  to improTte thls  condition the other speed- . 
brake configurations were tested and the resulte of the tuft studies 
w i t h  these  configurations  are  presented i n  figures 18( b)  to 1% d)  . On 
the basis of those t u f t  observations, it appear0 that a l l  the m o d i f i -  
catione  tested  elim€nated the poor flow conditions  evident at the ver t ica l  
f i n  with the original  configuratlon. 

4 figure 17. Tuft studies of the flow over the model w L t h  the original 
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The effect  of these epeed-brake configurations on the aerodynamic 
characterist ics  in  pitch is presented in  figure 19 f o r  a s t a t i c  angle 
of attack of 1.80. The variation of the drag incremsnts (a~), pro- 
duced by. the  various speed brakes, with Mach  number € 6  presented in  
figure 20. It is evident from these data that the  mdified wing brakes 
produced conaideretbly larger drag incremsnts than the fuselage  brakes. 

\ 

t Vert icalqin Modifications 

Tuft studies of the flow over the origiqal  vertical fins (fig. 21( a)) 
indicated that the flow over the part below the wing chord l ine from the 
maximum thiclrnsss rearward is very rough and haa a tendency to  sepetrate 
at high Mach nunibera. Several mdifioations of this part of the vertical  
f i n  were tes ted  in  an attempt to improve this f l o w  oondition. A sketch 
of the original   f in  and the three  modifications  tested is shown i n  
figure 22. Modificatione 1 and 2 effected no improvement i n  the flow 
conditions  but  tuft  studiea of the flow w i t h  mdification number 3 did 
indicate 80- improvement ( flg. 21(b) ), in that ths flow did not show 
any tendency ta ieparate a t  any point  in  the Mach number range covered 
by these tests. 

Langley Memorial Aeronautical  Laboratory 
Rational Advisory Committee f o r  Aeronautice 

Langley Field, VEL. 

Approved : z .  
Thomas A. E&i8 

Chief of Stabi l i ty  Research Division 

Richard E. Kuhn 
Aeronautical Engineer 
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Figure 1.- System Of axes and controlwuface deflections. Positive 
values'of forces, moments, and angles are  indicated by arrows. 
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Figure 3.- Photograph of the 0.08-scale model of the XF7U-1 airplane mounied on the center 
sting at, a positive angle o€ attack. 
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Figure 4.- Photograph of the 0.08-scale model of the XF7U-1 airplane with vertical tails . .  removed mounted on the wing supports with center sting in p@e. , 
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